Aims. Drug incompatibilities are relatively common in inpatients and this may result in increased morbidity/mortality as well as add to costs. The aim of this 12 month study was to identify real incidences of drug incompatibilities in intravenous lines in critically ill patients in two intensive care units (ICUs). Methods. A prospective cross sectional study of 82 patients in 2 ICUs, one medical and one surgical in a 1500-bed university hospital. One monitor carried out observations during busy hours with frequent drug administration. Patients included in both ICUs were those receiving at least two different intravenous drugs. Results. 6.82% and 2.16% of drug pairs were found to be incompatible in the two ICUs respectively. Among the most frequent incompatible drugs found were insulin, ranitidine and furosemide.
INTRODUCTION
During the treatment of inpatients, medication errors and unintended side effects are two relatively common drug-related problems which may result in increasing morbidity / mortality as well as add to the cost of the therapy 1, 2 . Medication errors have been identified as the main factor limiting the effectiveness and safety of pharmacotherapy 3 . The types and frequency of drug related problems, especially medication errors in preparation and administration, have dramatic implications for the overall quality of nursing care 4 . Currently only a limited number of physicians and pharmacists have concerned themselves with monitoring these problems in the Czech Republic, with even fewer doing so outside the hospital environment. The authors of early studies and analyses were concentrated on prescription and dispensing errors as well as mistakes caused by patient non-compliance. In contrast, our study was conducted in the hospital environment of an ICU.
Especially in the ICU, rapid response to an emergency is often crucial. For this reason, drugs are usually administered parenterally. Other reasons for this are that drugs are often poorly absorbed via the oral route or patients are unable to receive drugs in other ways. Poorly prepared or wrongly administered parenteral therapy can cause inter alia thrombus formation, severe hypersensitivity reactions and infections 5 . Several studies have specifically focused on intravenous medication administration errors and investigated the incidence [6] [7] [8] [9] [10] . Physicochemical incompatibility is a typical medication error in the administration of parenteral drugs. Incompatibility is defined as the reaction of intravenous drugs resulting in solutions that are no longer optimal for the patient after they are mixed -the stability or structure of the drugs is altered by physical or chemical reactions. Changes in stability can cause changes in drug effectiveness; the increased size of microparticles has been frequently linked to consequences such as therapeutic failure, catheter occlusion, or, in the worst cases, embolism 11 . A number of studies confirm that this is a significant and increasing problem. Taxis and Barber 7 have shown that about half of all ward-based intravenous drug preparations and administrations are incorrect. These incompatibilities produce about 20% of all medication errors and almost 89% of the overall errors in the administration of drugs 8, 12 . The aim of this study was to survey the incidence and extent of the incompatibilities in a hospital in the Czech Republic and in Eastern Europe with the ultimate goal of making recommendations for reducing the risk of incompatibilities.
METHODS
The study was carried out as a comparison of two ICUs at the 1500-bed University Hospital Hradec Kralove. The first was a 20-bed medical ICU specializing in gerontology and metabolism, the second a 12-bed surgical ICU treating adult patients after major surgeries and accidents.
The prospective study led to the identification of real situations of drug incompatibilities. Data collection was conducted gradually from January 2011 to December 2011. 50 patients in the medical ICU and 32 patients in the surgical ICU were assessed prospectively. Only patients who were administered at least two different intravenous drugs were included. The data were collected by the direct observation of nurses administering intravenous medication. For this study we focused on drug incompatibilities excluding both TPN and drugs not found in the database 13 . The observation was performed by one monitor (an independent graduate student in the clinical pharmacy doctoral program) during busy hours with frequent drug administration (6-10 a.m.). The observation was undisguised: nurses and doctors who had previously been informed about the goals of the study, the first of its kind in the Czech Republic. Nurses were clearly informed they would not be identified in to ensure anonymity.
As the source of incompatibilities, Trissel's Handbook on Injectable Drugs 13 was used. This database contains incompatibility information on 359 different intravenous active ingredients and is often mentioned as the gold standard in IV drug incompatibilities 14 . We focused only on Y-site incompatibilities, indicating two separate drug infusions which are incompatible when infused through the same IV line 15 . There were no standard operating procedures regarding the incompatibilities in the University Hospital Hradec Kralove during the data collection.
For analysis of the data in the prospective studies, we used graph coloring theory 16 . The averages of lumens per patient in both ICUs were compared using t-tests.
The study was approved by the hospital Ethics Committee.
RESULTS
The results are shown in Table 1 . The first prospective study (n=50; mean ± S.D. age; 59.3 ± 15.0 years; 54% female) was performed in the medical ICU. The patients were maintained on a total of 318 IV drugs (mean ± S.D., 6.3 ± 3.0) featuring 64 different brands of medications on day two of their ICU stay. Out of a total of 318 IV drugs, 88.7% (n=282) were found in the database of drug incompatibilities. Out of 220 drug pairs given to the patients through one intravenous line which were found in the database, 6.82% (n=15) of the pairs were incompatible, the most frequent compounds being insulin, ranitidine, furosemide and ciprofloxacin (see Table 2 ).
The second prospective study (n=32; mean ± S.D. age; 58.3 ± 17.2 years; 28% female) was performed in the surgical ICU. The patients were maintained on a total of 207 IV drugs (mean ± S.D., 6.5 ± 2.4) featuring 48 different brands of medications on day two of their ICU stay. Out of a total of 207 IV drugs, 82.9% (n=145) of them were found in the database of drug incompatibilities. Out of 139 drug pairs found in the database and given to the patients through one intravenous line, 2.16% (n=3) of the pairs were incompatible, the most frequent compounds being ciprofloxacin, furosemide, midazolam, omeprazole, amiodarone and magnesium sulfate (see Table 2 ).
DISCUSSION
Errors in the administration of intravenous drugs have been analyzed in a number of studies [7] [8] [9] [10] 17, 18 , with intravenous drug incompatibilities comprising one subgroup of these problems. Especially in intensive care, during which parenteral drug administration is often complicated by the fact that the number of the concurrently administered drugs exceeds the number of available infusion lines, intravenous drug incompatibilities represent a significant problem.
Our study was designed to identify the real state of intravenous drug incompatibilities at one University hospital in the Czech Republic. The incompatibilities discovered could suggest a lack of interest in the described problem, knowledge deficiencies and/or the absence of a clear strategy or effective tools for reducing the frequency of incompatibilities.
Although the frequency of the incompatibilities does not seem particularly high, the substances found most frequently were often vital drugs like insulin, antibiotics, antiarrhythmics and catecholamines. Even a small decrease in the efficiency of these drugs can cause a significant impact on patients in ICUs.
Comparing the two ICUs involved in our study, the differences in the results are quite interesting. The discrepancies may simply be caused by the differing number of catheter lumens used for the administration of IV drugs in the two different ICUs. The average lumens per patient used in the gerontology and metabolism ICU (1.88) was significantly (P=0.008) lower than the average in the surgical ICU (2.41).
The differences in the types of IV drugs administered in the ICUs could be another reason for the dissimilar results. Although the total amount of administered drugs per patient was higher in both studies conducted in the surgical ICU, the number of brands of used medication was always lower in the surgical ICU in comparison with the medical ICU.
Other studies7,9,10,15,19 focused on intravenous drug incompatibilities show an error rate of incompatibilities similar to the results observed in our study (3%, 18.6%, 0.53%, 5.8%, 3.4%). On the other hand, for reasons such as differences in sources of incompatibilities, study samples, types of incompatibilities, methods of collecting data as well as interpretation methods, our results cannot be compared with those in the literature (see Table 3 ).
Despite differences between studies, the incidence of incompatibilities may still be seen as comparable with other studies made in this field.
Based on a comparison with Bertsche et al. 15 it is possible to show relatively clear strategies towards improvement; the establishment of standard operational procedures, the institution of compatibility charts and the education of ICU nurses in this area have been demonstrated to show promising results.
On the other hand, the establishment of new SOPs can lead to other types of complications, e.g. the shown link between switching to multi-lumen catheters and a subsequent rise in catheter infections 20 , the increase in the volume of drug solvent influencing fluid balance in critically ill patients, as well as the escalating economic burden and increasing demands on ICU staff. These phe- Table 3 . Comparison of similar studies focused on intravenous incompatibilities.
Our study Bertsche et al. 15 Taxis, Barber nomena will be monitored in our next study, which will be focused on the assessment of the new SOPs in practice.
In our study we have partially addressed the problem of switching to multi-lumen catheters. Taking into consideration all of the medications administered in the prospective studies in both ICUs in terms of graph coloring theory 11 , it seems that only the two-lumen catheter remains a viable solution for preventing the problem of incompatibilities, thus switching to multi-lumen catheters should be eliminated as an option. Table 4 shows an example of the potential distribution of IV drugs in our study in terms of excluding the possibility of incompatibilities. The other IV drugs can be added arbitrarily to any one of the groups without presenting problems. The only exceptions are with patients on total parenteral nutrition. For the sake of simplicity for nursing staff, one guideline should be that a single catheter with one lumen designated only for parenteral nutrition is recommended.
Our study has some limitations. First, the prospective observational studies provided real data regarding e.g. specific routes of administration. Nevertheless, some disadvantages of prospective observational studies are the long time needed for data collection, additional demands on the data collectors and ICU staff, as well as difficulty of ensuring that studies are blind. In choosing to use this type of study we kept in mind these advantages and disadvantages. The use of prospective observational studies is in our opinion necessary to identify the real state of incompatibilities.
On the other hand, this could present the problem of the observer interfering with the administering nurse. In our opinion, attempting a totally blind collection of these data is unrealistic. Disguised observation seems to be the optimal method but we chose undisguised observation with the hope of the possibility of only limited interference with the duties of the nurses who cooperated with our study. It is significant that the nurses in our study were in fact unaware of how to solve problems with incompatibilities, most likely due to difficulties in obtaining data about the compatibility and incompatibility of administered IV drugs (lack of information in SPC).
Another limitation of our study is the fact that we did not observe the clinical implications for patients. This would have been very difficult in a routine clinical environment due to the difficult recognition and differentiation of symptoms of incompatibilities. For example a decrease in the activity of one particular drug is difficult to establish in the complexity of the treatments used in the ICU.
The recurrent simplification of medicines to active substances was a drawback as well. Thus it was also necessary to limit the medicines studied to those listed in the selected database. Despite the fact that our database -Trissel's Handbook 13 is primarily designated for the market in the United States, it is often taken as the gold standard among incompatibility databases 14 . The reasons for exclusion of TPN in the prospective studies were the variability in nutrients composition, the dependence of the incompatibility of individual components on their concentration, and the lack of data on incompatibility of parenteral nutrition solutions.
Working toward the detection and elimination of drug incompatibilities and other drug related problems has been acknowledged as a key goal for the clinical pharmacist 21 . Employing pharmacists with this specialization has still not become sufficiently widespread in Czech hospitals, but it has been on the rise in recent years.
This study has demonstrated that although a significant number of drug incompatibilities occur in both medical and surgical ICUs, in fact only a limited number of medications are involved in these interactions. Besides the amount and type of medications, the most important determinant of the incidence of medication incompatibilities is the usage of single-or multiple lumen intravenous catheters.
CONCLUSION
Based on our results, the incidence of drug incompatibilities could be theoretically diminished by adhering to a few simple rules for medication administration and following a set of recommendations for multiple lumen catheter use. Future prospective studies should demonstrate the effect of applying these policies in practice.
